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1.2. $S$ . $R^{n}$ Schr\"odinger
$H=-\Delta+V(x)$ (11)
. $V(x)$ $\psi(x,\xi),$ $\xi\in R^{\mathfrak{n}}$ , :
$\psi(x,\xi)$ $(H-|\xi|^{2})\psi=0$
$\psi(x,\xi)\sim e^{\dot{n}\cdot\xi}+\frac{e^{1\sqrt{B}r}}{r^{(n-1)/2}}A(E, \theta,\omega)$ , $rarrow\infty$ ,




. $H$ . $V(x)=0$
$\psi(x,\xi)=e^{1x\cdot\xi}$ , (1.2) urier . (1.2)
Fourier . $\psi(x, \xi)$ ( ,
), $A(E, \theta,\omega)$ .
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13. $S$ . . , $w$
$E$ . $\theta$
$|A(E, \theta,\omega)|^{2}$ . .
$S(E)f( \theta)=f(\theta)-C(E)\int_{S^{n-1}}A(E,\theta,\omega)f(w)dw$
($C(E)$ ), $L^{2}(S^{n-1})$
. $S$ . , $S$
Schrodinger $H=-\Delta+V(x)$ .
1.4. Schr6dinger . $V(x)$
$S$ , $S$ $V(x)$
. . 1
. 1 1950 . 2
1960, 70 . 3
( ) 1980 .
2 .
2. FADDEEV




$- \int_{R^{n}}e^{-:_{V}\Phi\theta\cdot x}V(x)R(E+i0)(e^{\dot{*}\sqrt E\omega\cdot y}V(y))dx$ .
(2.1)
$R(z)=(H-z)^{-1}$ . $R_{0}(z)=(-\Delta-z)^{-1}$ $R(z)=R_{0}(z)(1+VR_{0}(z))^{-1}$
. $Earrow\infty$ $R(E+iO)arrow 0$ . $\xi\in R^{n}$









2.2. Faddeev Green . 1 Gelfand-Levitan




$f(\xi)\wedge$ $f$ Fourier , $\zeta\in C^{n}$ $\zeta^{2}=\sum_{i=1}^{n}\zeta_{\dot{2}}^{2}=E>0$
. Green $(-\Delta-E)u=f$ $u=e^{i\zeta\cdot x}v$
. (2.1) , $R(E+iO)$
. Green Faddeev Green
Faddeev . Faddeev Faddeev
, . Faddeev
Gelfand-Levitan ualogue , $S$
([3]).
. ,
. [7] Faddeev , [9]
Faddeev .
2.3. - . Faddeev (2.2) , $\zeta$ .
$A_{F}(\sqrt{E};\theta,w, \zeta)$ . $\xi=\sqrt{E}(\theta-w)$ $A_{F}(\sqrt{E};\theta,\omega, \zeta)$ $T(\xi,\zeta)$
. Nachman [17], Khenkin-Novikov [15] $T(\xi, \zeta)$ $\zeta$
$\mathcal{V}_{\xi}=\{\zeta\in C^{n} ; |\zeta|>C, {\rm Im}\zeta\neq 0, \xi^{2}+2\xi\cdot\zeta=0\}$
,
$\mathcal{T}_{\zeta}T(\xi,\zeta)=\sum_{j-1}^{n}A_{j}(\xi,\zeta)d\overline{\zeta}_{j}$ ,
$A_{j}( \xi, \zeta)=-(2\pi)^{1-n/2}\int_{R^{\pi}}T(\xi-\eta, \zeta+\eta)T(\eta, \zeta)\eta_{j}\delta(\eta^{2}+2\zeta\cdot\eta)d\eta$
. $V_{\xi}$ Bochner-Martinelli
$K(\zeta, \zeta_{0})$ 1
$\hat{V}(\xi)=T(\xi,(0)+\int_{\partial \mathcal{V}_{\xi}}T(\xi,\zeta)K(\zeta,\zeta_{0})+\int_{v_{\epsilon}}\sum_{j=1}^{n}A_{j}(\xi,\zeta)d\overline{\zeta}_{j}\wedge K(\zeta,\zeta_{0})$ (23)
. : $R^{\mathfrak{n}}$
$V(x)$ $V(x)arrow T(\xi, \zeta)$ bred space $R^{n}x\mathcal{V}_{\xi}$
, (2.3) . .
2.4. . EIT (Electrical Impedance Tomography) .
. $R^{n}$ $\Omega$ . $\gamma(x)$ $\Omega$ , $u(x)$
$\nabla\cdot(\gamma(x)\nabla u(x))=0$ in $\Omega$ (2.4)
. $u(x)|_{\partial\Omega}$ , $\gamma(x)\partial u/\partial n|_{\partial\Omega}(n$
) . (2.4) .
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(2.5)$\{(u|_{\partial\Omega},\gamma\frac{\partial u}{\partial n}|_{\partial w})$ ; $\nabla\cdot(\gamma\nabla u)=0$ in $\Omega\}$
$\gamma(x)$ .
$u(x)|_{\partial\Omega}$ , (2.4) Dirichlet . $u(x)|_{\partial\Omega}$
$\gamma(x)\partial u/\partial n|_{\partial\Omega}$ $\Lambda_{\gamma}$ Dirichlet-Neumann . $\Lambda_{\gamma}$ $\gamma(x)$
, . Neumann-Dirichlet
. $v=\sqrt{\gamma(x)}u$ $v$ Schr\"odinger
$-\Delta v+qv=0$ , $q= \frac{\Delta\sqrt{\gamma}}{\sqrt{\gamma}}$
.
. D-N , .
Faddeev Green ([21], [17], [15]). (2.2) Green
$e^{1x\cdot\zeta}$ Helmholtz .
Calder\’on .








26. Gelfand . D-N . 1
(Borg-Levinson) . Dirichlet
$-u”+V(x)u=\lambda u$ , $(0<x<1)$ , $u(O)=u(1)=0$
$\lambda_{1}<\lambda_{2}<\cdots$ $\varphi_{1}’(0),$ $\varphi_{2}’(0),$ $\cdots$ $V(x)$
. Gelfand , $R^{n}$ $\Omega$
Dirichlet
$(-\Delta+V(x))u=\lambda u$ , $(x\in\Omega)$ , $u|_{\partial\Omega}=0$
$\lambda_{1}<\lambda_{2}\leq\cdots$ $\partial\varphi_{1}/\partial n,$ $\partial\varphi_{2}/\partial n,$ $\cdots$
$V(x)$ . Riemam
([1]). $\lambda_{1}<\lambda_{2}\leq\cdots$ , $\partial\varphi_{1}/\partial n,$ $\partial\varphi_{2}/\partial n,$ $\cdots$
Dirichlet Dirichlet-Neumann
$\Lambda_{V}(\lambda)f=\frac{\partial u}{\partial n}|_{\partial\Omega}$ ,






2.7. . 2.1 $S\bm{i}r\ddot{o}d_{\dot{i}}ger$
. Faddeev Green
,
([17], [15]). ([6], [7]),
([14])
. Born . (













[10] . $R^{n}$ Schr\"odinger
$(-\Delta+q(x))u=0$ (3.1)
$u$ $v=x_{n}^{(n-2)/2}u$ , $v$
$(-x_{n}^{2} \Delta_{x}+(n-2)x_{n}\partial_{n}-\frac{n(n-2)}{4}+x_{n}^{2}q(x))v=0$ (3.2)
. $\partial_{n}=\partial/\partial x_{n}$ .
$H_{0}=-x_{n}^{2}\Delta+(n-2)x_{n}\partial_{\mathfrak{n}}$
$H^{n}$ LaPlace-Beltrami .
Schr\"odinger (3.1) Schrodinger (3.2)
. . $R^{n}$ $\Omega$
(3.1) . $\Omega\subset\subset R_{+}^{n}$ . $H^{n}$
$(x,y),$ $x\in R^{n-1},$ $y>0$ , .
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(Step 1) $v=y^{(n-2)/2}u$ $H^{n}$
$(H_{0}+q\sim)v=0$ in $\Omega$ , $v=f$ on $\partial\Omega$
$(q\sim=y^{2}q-n(n-2)/4)$ .
(Step 2) $R^{n-1}$ rank $n-1$ Lattice $\Gamma$ $H^{n}$ . $\mathcal{M}=\Gamma\backslash H^{\mathfrak{n}}$
. $\Gamma$ $\Omega$ $\mathcal{M}$ coordinate patch
.
(Step 3) $\theta\in R^{n-1}$ $u=e^{1x\cdot\theta}v$ $u$
$(H_{0}(\theta)+q\wedge)u=0$ in $\Omega$ , $u=e^{1x\cdot\theta}f$ on $\partial\Omega$ , (3.3)
$H_{0}(\theta)=-y^{2}(\partial_{y}^{2}+(\partial_{x}+i\theta)^{2})+(n-2)y\partial_{y}$
.
(Step 4) $E>n(n-2)/4$ , $\Omega$ $V=q\sim+E,$ $\Omega^{c}$ $V=0$ . $\mathcal{M}$
. (3.3) Dirichlet-Neumrn $\Lambda(\theta)$
$H_{0}(\theta)+V$ $A(\theta)$ .
(Step 5) $A(\theta)$ $\theta$ . $\theta$
$V$ Fourier .
$H_{0}(\theta)$ Floquet ( Schr\"odinger
) . Step 5 . $\mathcal{M}$
$H_{0}(\theta)$ Green Bessel , $\theta$
. Lattice $\Gamma$ discrete , $\theta$
. [10] .
$V$ Fourier step $n\geq 3$ . 2
Schr\"odinger
.







$H^{3}=R_{+}^{3}\ni(x_{1}, x_{2},x_{3})$ quarternion :
$z=x_{1}1+x_{2}i+x\dot{u}=(\begin{array}{llll}x_{1} +ix_{3} x_{2} -x_{2} x_{1} -ix_{3}\end{array})$ .
$\beta=(\begin{array}{ll}a bc d\end{array})\in SL(2, C)$
$zarrow\beta\cdot z=(az+b)(\alpha+d)^{-1}$
$H^{3}$ . . $H^{3}$ $\{x_{3}=0\}$
, $\{x_{3}=0\}$ . .
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34. . (2.4) .
, . $\gamma(x)$






$R^{n}(n=2,3)$ $\Omega$ $\gamma_{0}(x)$ .
$\Omega$ $\Omega_{1}$ : $\gamma_{1}(x)>\gamma o(x)$ .
$\Omega_{1}$ ?
Ikehata [5] . Mittag-Leﬄer
2 $\Omega_{1}$ algorithm .
, 3 . [4]
2, 3 . $\Lambda,$ $\Lambda 0$ $\gamma(x),\gamma 0(x)$ $\triangleright N$
. $x_{0}$ $\Omega$ , $B(x_{0}, R)=\{|x-x_{0}|<R\}$ .
.
31 $\tau>0$ $u_{\tau}(x)$ .
(1) $u_{\tau}$ $\nabla\cdot(\gamma_{0}(x)\nabla u_{\tau})=0$ .
(2) $u_{\tau}(x)$ $x\in B(x_{0}, R)$ $\tau$ , $x\not\in B(x0, R)$ $\tau$
.
(3) $f_{r}=u_{\tau}|_{\partial\Omega}$ . $B(x_{0}, R)\cap\Omega_{1}=\emptyset$ $0\leq((\Lambda-\Lambda_{0})f_{\tau}, f_{\tau})_{\partial\Omega})<e^{-\delta\tau},$ $\exists\delta>0$
, $B(x_{0}, R)\cap\Omega_{1}\neq\emptyset$ $((\Lambda-\Lambda_{0})f_{\tau}, f_{\tau})_{\partial\Omega})>e^{-\delta\tau}$ .
$f_{\tau}$ $B(x_{0}, R)$ .0 .
$((\Lambda-\Lambda_{0})f_{\tau}, f_{\tau})_{\partial\Omega})$ $B(x_{0}, R)$ $\Omega_{1}$
. $\gamma_{1}(x)<\gamma_{0}(x)(x\in\Omega_{1})$ ( )
.







(1) $\Omega$ $R_{+}^{3}$ .
(2) (3.4) 2 $Q(\tau)=((\Lambda-\Lambda_{0})f_{\tau}, f_{f})$ .
(3) , $R$ $B_{R}$ .
(4) $B_{R}$ $\Omega_{1}$ , $Q(\tau)$ $\tau$ . $B_{R}$ $\Omega_{1}$










. 3 ( ) .
001 . 3, 4
2 . ,
. EIT .
31 $x_{0}=0$ $\Omega$ . 3.3
, $R$ $\{x_{3}=0\}$ $\{x_{2}=0\}$
. Shr\"odinger (3.2) .
$\theta$ (3.3) . $\theta=(0, i\tau)$ . $H_{0}(\theta)$
Bessel . (3.3)
. , $\{x_{2}=0\}$ ,
$Schr\ddot{o}d_{\dot{i}}ger$ . .
2 $((\Lambda-\Lambda_{0})f_{\tau}, f_{\tau})_{\partial\Omega})$ $Kang-S\infty\cdot Sheen[16]$ .
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$f\in H^{3/2}(\partial\Omega)$ $w$ .
(1) $\{\begin{array}{ll}\nabla\cdot(\gamma_{0}(x)\nabla w)=0 in \Omega,w=f on \partial\Omega.\end{array}$
(2) $( \frac{\gamma_{0}(\gamma_{1}-\gamma_{0})}{\gamma_{1}}\nabla w,\nabla w)_{\Omega_{1}}\leq((\Lambda-\Lambda_{0})f,f)_{\partial\Omega}$,
(3) $((\Lambda-\Lambda_{0})f,f)_{\partial\Omega}\leq((\gamma_{1}-\gamma_{0})\nabla w,\nabla w^{:})_{\Omega_{1}}$ .
3.5. Horosphere Barber-Brown algorithm. $n\geq 3$ 1980
([21], [17], [15]),
, .








$u_{0}(x)= \frac{w^{\perp}\cdot x}{(w^{\perp}\cdot x)^{2}+(1-\omega\cdot x)^{2}}$
$x=w$ $\Delta u=0$ . $\nabla\cdot(\gamma(x)\nabla u)=0$
$u(x)=u_{0}(x)+\epsilon u_{1}(x)+\cdots$




$\varphi(x,w)$ $u_{1}(x)$ , $\rho_{1}$ . Santosa
Vogelius $\varphi(x,w)$ :
$\varphi(x,w)\approx K(\int_{S}\gamma_{1}(x)\rho_{2}d\sigma)$ .
$K$ convolution , $S$ $\partial\Omega$ . 2
$\gamma_{1}\approx R^{r}KR\gamma_{1}$ , $Rf= \int_{S}f(x)\rho_{2}d\sigma$ (3.4)
. $\Omega$ Poincar\’e disc $S$ , (3.4) Poincar\’e
disc Radon . Berenstein-Tarabushi [2] Barber-Brown
, Poincar\’e disc Radon
.
. , 3 , (2.4)
.
[13] Barber-Brown algorithm
. 3 $\Omega$ Schr\"odinger $(-\Delta+q(x))u=0$
. $\partial\Omega$ $S$ .
3.2 (1) $\tau>0$ $\partial\Omega$ $P(\tau)$ ,
$(-\Delta+q)u=0$ in $\Omega$ , $\frac{\partial u}{\partial n}=P(\tau)u+f$ on $\partial\Omega$
$u(\tau)$ . Diriilet-Robin (GRD map)
$\mathcal{R}_{q}(\tau)$ : $farrow u|_{\partial\Omega}$
.
(2) $f(\tau)$ $\{\tau_{n}\}$
$n arrow\infty 1\dot{m}((\mathcal{R}_{q}(\tau_{n})-\mathcal{R}_{0}(\tau_{n}))f(\tau_{n}), f(-\tau_{n}))_{\partial\omega}=i\int_{S\cap\Omega}q(x)dS$
.
(3) $H^{3}$ $D$isc model Radon $q(x)$ .
Disc model Radon
$Rf( \xi)=\int_{\xi}f(x)dS(x)$





. $\Delta_{9}$ $H^{3}$ $Laplac\triangleright Beltrami$ .




$\{x_{3}=0\}$ $R_{+}^{3}$ , $H^{3}$ . 33
$\{x_{3}>\delta\}$ . Schrodinger $(H_{0}+q)u=0$
$\{x_{3}>\delta\}$ . , $\theta$
. $\{x_{3}>\delta\}$ $H_{0}(\theta)$ $u$ .
REFERENCES
[1] M. Beh\S hev and Y. Kurylev, To the $r\infty on\epsilon truction$ of aRiemannian manifold via its $\epsilon p\infty tral$ data (BC-
method), Gomm. in P. D. B. 17 (1992), 767-804.
[2] C. A. $B\propto en\epsilon tein$ and E. C. $Ibrabu8i$, Integral $g\infty metry$ in hyperbolic $\epsilon pacae$ and $ele\alpha\dot{n}cal$ impedance
tomography, SIAM. J. Appl. Math. 56 (1996), 75S-764.
[3]L. D. $md\infty v$ , Inverae problemB of quantum $\epsilon catteringth\infty ry$, J. Sov. Math. 5(1976), 334-396.
[4] T. Ide, H. $I\infty zA$ , S. Nahta, S. Siltanen and G. Uhhnann, Proving for $el\propto trical$ inclusions with compkx
spherical $wav\infty$ , to appear in C.P.A.M..
[5] M.Ikehata, $Mittag_{-Le}\varpi er’\epsilon$ function and extracting $\theta ozn$ Cauchy data, $Contmpom\eta Math\epsilon maUc\epsilon$ (Invase
Problems and $Spe\iota tfdTheo\eta,$ $d$. H. Isozau) 348 (2004), 41-52.
[6] H. Isoz&i, $Inver8e$ 8cattering $th\infty ry$ for wave equations in stratifi\’e media, J. Diff. $Bq$. $138$ (1997), 19-54.
[7] rr $\#,$ $Sffi\Leftrightarrow*\}^{\vee}\#^{\backslash }$) $|j6\Phi MI,$ $ffi’\delta^{\backslash }*\yen\hslash*am\#\cap-W\Re t\nearrow\backslash$ $-(1997)$ .
[8] un $\#,$ $\sim\mp$ $aern$ $r\}^{\vee}*\cdot\dagger\iota$ $\alpha RE,$ &\yen $50(1998),$ $163-180$.
[9] H. Isozaki, $Inv\alpha sesp\propto tral$ theory, Topics in the $T\hslash my$ of $Schr\overline{0}dinga\cdot Ope|utors,$ $d\epsilon$. H. Araki and H.
$E_{\mathbb{Z}}awa$, World Scientific (2003), 93-143.
$110]$ H. $Isoza$]$\dot{u},$ $Inver\epsilon e\epsilon p\propto tral$ problems on hyperbolic $manifold\epsilon$ and its applications to $inver8e$ boundary value
$problem\epsilon$ in Euclidean space, Amer. J. of Math. 126 (2004)) 1261-1313.
$|11]$ H. $Is\infty aki$;Inverse problem and hyperbolic $manifold\epsilon$ , Contemporary $Mathe\iota natioe348,$ $I\mathfrak{n}v\epsilon r\epsilon ePmblm\ell$
and $Sp\infty t|ulTh\epsilon 0\eta,$ $d$ . H. Isozaki, A.M.S. Providence Rhode Island (2004), 181-197.
[12] H. kozaki, The $\delta-th\infty ryior$ inverse problems a\epsilon sociat\’e with Schr\"odinger operators on hyperbolic $sp\infty$,
to appear in Publ. RIMS Kyoto Univ. $Vol43$ , No 1(2007).
[13] H. $k_{0\mathbb{Z}}\bm{t},$ $Inv\propto 8e$ boundary value $probleu\iota s$ in the horosphere–Alink between hyperbolic $g\infty metry$ and
$el\infty trical$ impedance tomography, to appear in $Inv\epsilon rseProbl\epsilon m\ell$ and $Ima\dot{\varphi}ngVol1$ , Nol $(2\infty 7),$ $55- 82$.
[14] H. Isozaki, H. $Naka awa$ and G. Uhlmann, $\bm{V}ver\epsilon e$ scattering problem in nuclear physioe, J. Math. $Phy\epsilon$.
45 (2004), 2613-2632.
[15] G. M. Khenkin and R. G. Novikov, The $\delta$-quation in the $multi-dimen8ional$ inverse $\epsilon cuteing$ problem,
Russ. Math. $Sum\epsilon y42$ (1987), $10k180$.
[16] H. Kang, J. K. $S\infty$ and D. $Sh\infty n$ , The inverse conductinity problem with one $m\infty suoement:$ stabdity and
$e\epsilon Uma\hslash on$ of $s\dot{u}q$ SIAM J. Math. Anal. 28 (1997), 1389-1405.
[17] A. Natman, $R\alpha on8truction$ ffom boundgy $mea\epsilon urement_{8}$, Ann. Math. 128 (1988), 531-576.
[18] A. Sa Barreto, Radiation fields, $\epsilon cattering$, and inverse scattering on asymptoticaUy $hyp\alpha bolicmanifold_{8}$ ,
Duke Math. J. 129 (2005), 407480.
$|19]$ F. $Sant\infty a$ and M. Vogelius, A $b\epsilon ck$ projection algorithm for electrical imp\’eance tomography, SIAM. $J$.
Appl. Math. 50 (1990), 216-243.
[20] E. $s_{omer8}d_{0}$, M. $Ch\epsilon ney$ and D. $I\epsilon saoeon$ , Existence and uniquenaes for electrodc $model\epsilon el\infty tric$ current
computd tomography, SIAM. J. Appl. $Mau$. $52$ (1992), 1023-1040.
[21] J. $Sylve\epsilon ter$ and G. Uhlmann, Aglobal $uniquen\infty sth\infty rem$ for an inverse boundary value problem, Ann.
Math. 125 (1987), 153-169.
97
